| INTRODUCTION

Tracheomalacia (TM) is a condition of excessive tracheal collapsibility;
it is due to either excessive laxity of the posterior wall (pars membranacea) or compromised cartilage integrity of the trachea. [1] [2] [3] [4] [5] [6] The expansion and contraction of the thoracic cage during the respiratory cycle, leads to dynamic changes in thoracic pressures that are transmitted to airways. As a result, and because of the loss of the organ's structural or functional integrity and absence of the required elasticity, tracheal walls collapse with partial or complete occlusion of the lumen.
The presenting clinical features of children with TM are variable and non-specific, such as cough, clinical dyspnea, rattling, wheeze, recurrent chest infections, and reduced exercise tolerance. The most prominent and suggestive clinical characteristic is a kind of barking or brassy cough that carries a vibrating sense.
overlap of clinical features with that of asthma requires a high index of suspicion for correct diagnosis. 1, 2 Clear diagnostic criteria
have not yet been established.
TM can definitely be diagnosed by the abnormal shape of the airway during flexible bronchoscopy (FB) which allows for direct visualization and dynamic assessment of the trachea. [9] [10] [11] [12] While it is considered the diagnostic "gold standard," FB does involve uncertainties arising from the subjective judgment of the operator.
What is more, FB is an interventional method restricted only to facilities that have the necessary equipment and the appropriately trained personnel. Thus, an alternative diagnostic tool would be desirable in order to overcome the difficulties posed by the very nature of FB. Radiology could offer a reasonable approach at the expense, however, of exposure to radiation. 11, [13] [14] [15] In the present study we aimed at exploring the accuracy of helical multi-detector CT scan (MDCT) in detecting TM in children, after comparing this method with FB.
| METHODS
FB was performed in children suspected of TM on the grounds of presence of recurrent episodes of vibrating cough and a need for more specific diagnostic information. Vibrating cough was defined as biphasic bouts commencing with dry and climaxing with an almost barking cough accompanied with a sense of vibration in chest wall. Apart from that, children should also have had classic barking cough with or without stridor, and/or chronic wet cough, and/or recurrent chest infections. Characterization of cough quality was based on parental report and was corroborated by a physician during the clinic visit. In cases of children not coughing during the visit, parents were asked to record the cough at home and bring the recording to their next appointment. Children with coexisting abnormalities were not excluded from the study.
Children with vibrating cough constituted the first group of our study and are hereafter referred as "patients."
Children underwent FB under general anesthesia that preserved spontaneous breathing. Oxygen was delivered with a facemask. The bronchoscope passed through a special adaptor mounted on the facemask. Ventilation was supported with a handheld resuscitation bag attached to the facemask. The manual support discontinued for a while in order to assess the caliber and dynamic compression of the airways. The more suitable of the two available bronchoscopes There was video imaging of the procedure and video recordings were independently reviewed by two members of the study group (KD, KP). The two physicians were aware of the patients' clinical presentation. In order to classify a patient as having TM both bronchoscopists had to agree that their visual impression during inspection of airway shape and dynamics was consistent with the disorder. Any differences in estimation were resolved after detailed review and discussion of the videos and consensus was reached in all cases.
Children diagnosed with FB as having TM, were further investigated with MDCT. All children received a brief explanation from the technician. During the procedure they were instructed to take a deep breath and hold it, and after that to take again a deep breath, blow it all the way out, and hold it. Paired static endinspiratory/end-expiratory MDCT was performed, applying a low dose CT protocol, with the use of "iDose4" iterative reconstruction algorithm. 14 Helical MDCT scan was performed from the level of the thoracic inlet to the carina level (both main bronchi were included). Supplementary conventional HRCT images were obtained below the carina level, using 1 cm interval and slice thickness of 1.25 mm during the inspiratory phase, with additionally one indicative expiratory slice. The cross-sectional area ratio (CSR) of the trachea during end-expiration and end-inspiration, measured at the level of maximum end-expiration collapse, determined the basis for the MDCT diagnosis. Bronchiectasis was defined as bronchoarterial ratio >1 and/or lack of tapering of an airway toward the periphery. 16 FB and MDCT were also performed in five children who suffered from mainly dry-but not honking, barking, or vibrating-cough for more than 3 months, and no definite diagnosis had been reached.
These children constituted the second group of our study (hereafter referred as "controls").
Parents/guardians provided consent for the whole procedure and Ethics Committee of "Attikon" General Hospital approved the study protocol (decision number: 8/25-7-12). Table 2 . Table 3 .
| Statistical analysis
ROC curve for the use of CRS in the diagnosis of TM in children is depicted in Figure 1 was ≤0.705 (95%CI: ≤0.635-≤0.850) with sensitivity and specificity at 84.6% and 100.0%, respectively.
| DISCUSSION
In the present study, we compared MDCT scan with FB (as the reference standard) for the diagnosis of TM in children. The diagnostic approach was based on the calculation of CSR of the trachea, measured during end-expiration and end-inspiration, at the level of maximum end-expiration collapse. Our data showed fairly high sensitivity and specificity of CRS at the estimated cut-off point (≤0.705), and suggest that MDCT is a reliable tool in assessing TM.
The rationale behind our clinical practice of performing both FB and CT was to explore for the presence of any structures exerting pressure on the malacic part of the trachea, and to investigate for any coexisting lesions involving small and non-accessible to FB bronchi, or lung parenchyma. A low-dose protocol was employed in order to minimize radiation exposure.
TM can be suggested from the clinical history but FB is usually necessary for the definite diagnosis. The procedure is safe and easy in experienced hands and the method is considered as the diagnostic gold standard. However, it requires equipment and technical expertise, which are usually available only in tertiary care centers. Further complexities arise from the need for general anaesthesia and its associated risks, as well as from the often-observed reluctance of parents/carers to provide informed consent for an invasive procedure.
The above reasons can delay the diagnostic process and contribute to inappropriate, excessive, and long-term use of asthma medications.
The establishment of an alternative diagnostic approach is therefore a necessity. Fluoroscopy 11 has already been proposed as such an alternative tool; however, its diagnostic value is relatively low. Freebreathing cine CT 13 is another promising method with the reported measures of performance (sensitivity, specificity, and accuracy) being noteworthy.
The diagnostic criterion used by most authors for diagnosing TM in children, both in bronchoscopy and CT studies, is ≥50% reduction of the tracheal lumen during expiration. However, this is quite arbitrary results are in close proximity to our own. More specifically, they concluded that if the change was >18% in the upper and >28% in the mid trachea, the probability of TM was 89-100%. If the change was above these thresholds then the probability that a patient did not have TM was 95-100%. 23 As far it regards FB, there have been some efforts to improve the quantification of the bronchoscopically observed cross-sectional lumen area reduction. 9, 12, 24 Nevertheless, in everyday clinical practice, the diagnosis and classification of TM severity still relies on the subjective judgment of the bronchoscopist.
In the present study, we avoided to take into account changes in the shape of the trachea because we sought to establish a straightforward and easily reproducible rule for TM diagnosis. Changes in trachea shape cannot be quantified and the estimation of aberration cannot be objectively measured, especially in mild cases of TM.
The percentage of PMNs in BAL constitutes a substantial marker of endobronchial infection and has been correlated with the severity of bronchiectatic lesions. 25 It has also been shown here that it is associated with the degree of TM. Determining the direction of this seemingly causal relationship is difficult. It may represent either the detrimental effect of endobronchial infection and the resultant neutrophilic inflammation on the tracheal wall, or a predisposing role of TM in the development of endobronchial infection. 26 A drawback of our study is the small number of patients and especially controls, which is mainly due to our practice of avoiding What is more, MDCT should also be considered a diagnostic tool complementary to FB, as it can detect abnormalities of lung parenchyma and small, peripheral airways not accessible with FIGURE 1 ROC curve for the diagnosis of children with tracheomalacia using cross-sectional area ratio (CSR) of the trachea during end-expiration and end-inspiration, measured at the level of maximum end-expiration collapse DOUROS ET AL.
| 51 FB. 25 TM predisposes to secretions retention and as a result, these children are at increased risk of chronic or recurrent infections. 7, [27] [28] [29] However, based on our data, the established criterion of CSR ≤0.5
should be replaced by CSR ≤ 0.7 which seems to be more appropriate for use in children, at least when the paired static end-inspiratory/end-expiratory is used.
CONFLICTS OF INTEREST
